Background: Inter-generational dietary patterns are implicated in the development of adult disease and have a critical role in cell division, growth and development. Objective: The assessment of B 12 status in six meat-eating (ME) and six non-meat-eating (NME) 9-11 years old, Tanner stage 1, migrant Indian girls. Design: B 12 status was assessed by haematology, fasting B 12 , folate, methyl malonic acid (MMA) and 7-day-diet-diary analysis. Results: Red cell and iron measurements were within reference ranges for all girls. Reported B 12 intake correlated with serum B 12 (r ¼ 0.74, P ¼ 0.006). Serum B 12 was lower in NME girls compared with ME girls (232 ± 95 vs 543 ± 201 pmol l À1 , P ¼ 0.01). Two NME girls were deficient in vitamin B 12 (B 12 o170 pmol l À1 , MMA40.26 mmol l À1 ). Overall serum B 12 was low (388 ± 221 pmol l À1 ) and serum folate intake high (27 ± 8 pmol l À1 ; 342 ± 269 mg day À1 ). Conclusions: Asymptomatic B 12 deficiency is present in NME migrant Indian preadolescents in the presence of high folate. Supplementation with B 12 in this group may be necessary to improve future health outcomes.
Worldwide, for many generations, the religious and cultural practices of the Asian Indian population have included nonmeat-eating (NME) dietary patterns. Exclusion of meats from the diet may compromise or enhance the nutrient quantity and quality of diet. Vitamin B 12 , found only in animal and yeast products, is an essential co-factor in one-carbon metabolism, which profoundly influences cell division and growth and development from conception (Yajnik, 2006) . Classic signs of B 12 deficiency are anaemia or macrocytosis, but these features may be masked by a high folate intake (Scott, 1999) . Vitamin B 12 deficiency results in functional folate deficiency because without adequate B 12 , free folate is trapped within the cell and is unavailable for methylation reactions. Methyl malonic acid (MMA) is a specific indicator of vitamin B 12 deficiency (Scott, 1999; Carmel et al., 2003) and identifies B 12 status when folate is high or low.
Twelve migrant Indian (six meat-eating (ME) and six nonmeat-eating (NME)) preadolescent girls in Tanner stage 1 (9-11 years) living in Auckland for 3-5 years participated in this study. Mothers reported that the existing dietary pattern of them and their daughters was practised for many generations in their family and that B 12 supplementation had never occurred. This investigation was approved by the Auckland University of Technology Ethics Committee. Fasting venous blood samples were collected by Medlab Diagnostic (International Standards Association New Zealand accredited) for immediate measurement of complete blood count and separation of serum. Serum samples stored at À70 1C were later analysed for folate and vitamin B 12 at Health Waikato Laboratories and MMA was determined at the Canterbury District Health Board laboratory.
Seven-day-diet diaries were completed in the week prior to blood collection by the participants with the help of their mothers and analysed using the New Zealand Food , P ¼ 0.08) lower (Figure 1a) . Two of the six non-meat-eaters had B 12 concentration below the limit set for deficiency by Diagnostic Medlab (o170 pmol l
À1
, reference range 170-800 pmol l
) and six participants were below 330 pmol l À1 , the lower quartile of the range. The MMA concentration was higher than the reference cut-point (0.26 mmol l
) in three of the six non-meat-eaters. The serum B 12 concentrations showed significant negative correlation with MMA concentrations (r ¼ À0.62, P ¼ 0.03; Figure 1a There was also a negative curvilinear relationship between dietary B 12 and serum MMA concentration (r ¼ À0.75, P ¼ 0.005). NME girls had higher MMA, lower serum B 12 and lower dietary B 12 intake than ME girls (Figures 1a and b) . Folate concentration (23.0-30.8 pmol l À1 ) was within the reference range (9.0-45.0 pmol l
) for all girls. However, ME girls had significantly lower dietary folate intake compared to NME girls (183.0 vs 501.0 mg day
, P ¼ 0.032); recommended dietary intake is 300 mg day À1 (Commonwealth Department of Health and Ageing Australia, 2005). There was a positive association between daily dietary consumption of folate and serum folate (r ¼ 0.72, P ¼ 0.009). Table 1 identifies the food sources of B 12 in the two groups. In the ME girls, three (Hindu) did not consume beef; one (Muslim) did not consume pork and two Catholic ate all meats. Milk and dairy were the major (475%) sources of B 12 for the NME group. Fish, beef and chicken (450%), and milk and dairy (30%) were the major B 12 sources in the ME diet (Table 1) . This pilot study although limited by the number of participants shows a clear differentiation between B 12 status of ME and NME girls without any signs of anaemia or macrocytosis in the presence of adequate folate (Lindenbaum et al., 1995; Scott, 1999; Khanduri et al., 2005) . It is likely that the low levels of vitamin B 12 in the NME participants were present at birth (Yajnik, 2006) , and continued with breastfeeding (Cetinkaya et al., 2007) and weaning. Total reported vitamin B 12 intake of ME and NME girls was in compliance with the estimated average requirement values recommended by the Ministry of Health, New Zealand (Commonwealth Department of Health and Ageing Australia, 2005) . The validity of the 7-day-diet-diary is demonstrated by the strong association between reported B 12 and folate intake and blood concentrations. Increased MMA concentrations in the presence of vitamin B 12 deficiency and adequate folate status have also been reported from India (Yajnik et al., 2005) and we find that this situation also occurs in an apparently well-nourished, healthy migrant population. Our evidence also suggests that the recommended requirement of 2 mg day À1 should be reconsidered, as B 12 stores were not adequately maintained at this level. Preadolescence is a time that precedes a very rapid growth phase and adolescent girls often change to a vegetarian dietary pattern (Perry et al., 2001 ). The question is raised whether there are other sections of the community at risk of B 12 insufficiency due to irregular and restrictive dietary patterns in adolescence. Alongside evidence at a young age that low B 12 levels are associated with higher cardiovascular risk (Yajnik, 2006) , we provide evidence that larger studies would be justified to investigate the need for food fortification or B 12 supplementation of at-risk mothers prior to pregnancy, during pregnancy and breastfeeding.
